Background. The prognosis is poor in recurrent/metastatic head and neck squamous cell carcinoma (R/M HNSCC). Triple combination therapy may increase tumor response. Methods. This phase I/II prospective trial first determined the dose-limiting toxicity and recommended dose of irinotecan with cisplatin and tegafur/uracil (UFUR) in phase I. Irinotecan was supplied at doses of 40, 50, 60, and 70 mg/m 2 by using a standard 313 design. Doses of cisplatin and UFUR were held stable. In phase II, the recommended dose of irinotecan was administered intravenously (i.v.) over 90 min on day 1, with cisplatin 50 mg/m 2 i.v. over 60 min also on day 1, and oral UFUR 200 mg twice a day for 5 days every 2 weeks a cycle. Results. In the phase I portion, 14 patients were enrolled, and the dose level of irinotecan at 60 mg/m 2 was defined as the recommended dose for the phase II portion of the study. Among 43 patients enrolled in the phase II portion, complete response was seen in 2 patients (4.7%) and partial response in 10 patients (23.3%), and the disease control rate was 39.5%. In a subgroup analysis of patients whose prior chemoradiotherapy was more than 6 months earlier, a response rate of 40.7% and disease control rate of 59.3% were observed. Conclusion. Cisplatin/UFUR/irinotecan triple combination therapy is tolerated and effective for selected patients. Individualized choice of treatment will influence prognosis and quality of life in R/M HNSCC patients. The Oncologist
DISCUSSION
HNSCC, the sixth most common cancer in the world, has the median overall survival of approximately 8 months. Even in the current era of monoclonal anti-epidermal growth factor receptor therapy, the addition of cetuximab to the most common platinum-fluorouracil chemotherapy only improved survival by approximately 3 months. In addition, costeffectiveness issues are concerning. In Taiwan, cisplatin/ fluorouracil (5-FU) is still the most common regimen for R/M HNSCC.
Recently, triple combination therapy in the induction setting for locally advanced HNSCC has shown a high response rate.Therefore, triple combination regimens were examined in R/M HNSCC. However, the continuous 96-hour infusion of 5-FU is inconvenient for patients. An oral 5-FU prodrug, UFUR, combined with cisplatin has demonstrated similar activity as continuous-infusion 5-FU in R/M HNSCC. In addition, the combination of irinotecan and cisplatin showed a synergistic anticancer effect. Hence, we conducted this phase I/II trial to test the efficacy and safety of the cisplatin/UFUR/irinotecan triple combination regimen.
In the phase I portion of the study, dose-limiting toxicity (DLT) developed in 2 of 5 patients (one had grade 3 nausea and vomiting, and the other had grade 3 febrile neutropenia) when the dose level of irinotecan was titrated to 70 mg/m 2 .Therefore, 60 mg/m 2 was defined as the recommended dose. In the phase II portion of the study, the targeted response rate was 13 of 43 patients according to the study design, so that with 12 patients with partial or complete response the primary endpoint was not met.We found among patients with recurrence within 6 months of concurrent chemoradiotherapy (CCRT), only 1 patient (6.3%) had a partial response. However, of 27 patients who did not receive CCRT in the 6 months before entering this trial, 11 patients (40.7%) had objective response and 16 (59.3%) had disease control.The maximum change from baseline in the sum of target lesions is shown in the waterfall plot ( Fig. 1) . The median progression-free survival (PFS) was 3.2 months (2.7-6.4 months) and overall survival (OS) was 6.7 months (4.2-10.0 months). Patients who had no CCRT in the preceding 6 months had a longer median PFS of 3.8 months (2.5-8.0 months) and longer OS of 8.4 months (4.7-12.1 months).
The triple combination in our study did not result in a high level of toxicities. Grade 3/4 neutropenia developed in 12 (27.9%) patients, and only 1 (2.3%) had febrile neutropenia. The other common adverse events included diarrhea, nausea, and vomiting, which were in line with expectations due to the known safety profile of these three drugs. We also found the quality of life (QoL) was improved in patients who had response, which highlights the importance of patient selection.
In summary, cisplatin/UFUR/irinotecan triple combination therapy has tolerable toxicities and promising efficacy in the subset of R/M HNSCC patients without CCRT within 6 months of administration. The overall response is similar to other combination chemotherapies without associated increases in toxicity. However, selectionofpatients whoare more responsive to this regimen to improve QoL remains an important issue.
TRIAL INFORMATION

Disease
Head Patients were eligible if they were aged 20 to 75 years, had histologically or cytologically confirmed nonnasopharyneal HNSCC, with locoregional recurrence after curative local treatment unsuitable for further local treatment, or primary distant metastasis at diagnosis, or metastatic disease after primary local treatment. No prior primary chemotherapy for metastatic disease was permitted. Previous induction or concurrent chemotherapy (CCRT) with primary radiotherapy or adjuvant therapy after curative surgery was allowed, but the chemotherapy regimen must have been completed at least 3 months before study entry. At least one measurable disease site was required, defined as a lesion measured in at least 1 dimension as $20 mm with conventional technique or $10 mm with spiral computed tomography (CT) scan or magnetic resonance imaging (MRI). Patients must have had a life expectancy of at least 12 weeks.
The main exclusion criteria were attributed to time since previous radiotherapy (less than 4 weeks) or previous major surgery (2 weeks). Other exclusion criteria included presence of central nervous system metastasis; bone-only metastasis; coexistence with other malignancy, with the exception of curatively treated nonmelanoma skin cancer or cervical carcinoma in situ within 5 years before entry into study; inadequate hematologic function (hemoglobin ,8 mg/dL, white blood cells ,3,000 per mm 3 , absolute neutrophil count ,1,500 per mm 3 , and platelets , 100,000 per mm 3 ); inadequate hepatic function (serum bilirubin .1.5 times the upper limit [ULN] or alanine aminotransferase or aspartate aminotransferase . 2.5 times ULN if no liver metastasis or greater than 5 times the normal); inadequate renal function (serum creatinine . 1.5 mg/dL and creatinine clearance less than 60 mL/min); and concurrent treatment with other investigational drugs. This study has been fully reviewed by the institutional review board of Taipei Veterans General Hospital (VGHTPE-IRB: 2010-01-004MB).
The study comprised phase I and II components.The phase I study was a standard 3 1 3 dose escalation design. Irinotecan was to be administered in doses of 40, 50, 60, and 70 mg/m 2 in 3 patient cohorts and then escalated with 5 mg/m 2 increments until a DLT occurred. Irinotecan was administered intravenously (i.v.) over 90 min on day 1, with cisplatin 50 mg/m 2 i.v. over 60 min on day 1 and The Oncologist ® oral UFUR 200 mg twice a day after meals (400 mg/day) for 5 days every 2 weeks.The maximum tolerated dose was established as one dose level below the dose associated with DLTs in more than one third of the patients in phase I, and was the recommended dose used in the subsequent phase II study. In the phase II study, a Simon's optimal two-stage design with P 0 5 0.20 and P 1 5 0.40, for which a and b error are 0.05 and 0.20, respectively, was used as a statistical guideline. If response was elicited from more than 13 responders from the 43 evaluable patients, the regimen was predicted to be efficacious.
The primary endpoint of the phase I study was determination of a recommended dose of irinotecan when combined with cisplatin and UFUR in patients with recurrent or metastatic HNSCC, by monitoring the DLT at each dose level. In the phase II study, the primary endpoint was the overall objective response rate of irinotecan in combination with cisplatin and UFUR. Tumor assessments were made by using CT or MRI scans at enrollment and every 3 months until disease progression or withdrawal. The revised RECIST guideline (version 1.1) was used to evaluate tumor response. Secondary endpoints were PFS, disease control rate, OS, QoL, and safety profile.
Adverse events and laboratory abnormalities were assessed in all patients by the National Cancer Institute Common Toxicity Criteria (version 4.0). DLT is defined as any of the following experiences during the firstcycle: For recurrent/metastatic HNSCC, the prognosis is poor. Even in the current era of monoclonal anti-epidermal growth factor receptor (EGFR) therapy, Vermorken et al. [1] found that addition of cetuximab to the most common platinumfluorouracil chemotherapy only improved survival by approximately 3 months. Although this cetuximab/platinum/5-FU therapy has made substantial progress for R/M HNSCC for recent decades, cost-effectiveness issues are concerning, especially in developing countries [2] . In Taiwan, cisplatin/ fluorouracil (PF) is still the most common regimen for R/M HNSCC.
Recently, in response to the success of the triple combination therapy of cisplatin/docetaxel/infusional 5-FU in the induction setting for locally advanced HNSCC [3, 4] , there were trials performed to examine such combination regimens in R/M HNSCC.The results showed that overall response could be achieved in up to 40%, but grade 3/4 toxicities were concerning [5] . Additionally, the continuous 96-hour infusion of 5-FU is inconvenient, raising the question of whether alternative schedules or formulations could be comparable. An oral 5-FU prodrug, tegafur/uracil, has been found to have similar activity in combination with cisplatin for R/M HNSCC [6] .
Irinotecan, an analog of camptothecin that inhibits topoisomerase I, has high-potency antitumor activity [7] . In R/M HNSCC, the single use of irinotecan has demonstrated a modest overall response rate of 21.2%, and the combination of irinotecan and cisplatin is also effective [8] . To test the efficacy and safety of the cisplatin/UFUR/irinotecan triple combination regimen, we conducted a phase I/II trial to establish the dose-limiting toxicities, maximum tolerated dose (MTD), efficacy, and tolerability for patients with R/M HNSCC.
Between February 19, 2010, and July 9, 2015, a total of 14 patients were enrolled in the phase I study, and 43 patients were enrolled into the phase II study (Table 1 ). This phase I/II study defined the recommended dose of irinotecan at 60 mg/m 2 in the triple combination with cisplatin and UFUR, which had a modest response rate in R/M HNSCC, especially in those who had no CCRT in the 6 months before study entry ( Table 2 ; Fig. 2 ).
The combination of platinum and fluorouracil was reported nearly 20 years ago to have a response rate of 20%-30% [9, 10] . In recent years, Vermorken et al. and Gibson et al. have described the response rates at 29% and 20%, respectively, with the same combination, which confirms the results of previous studies [1, 11] . In our study, we attempted to increase the response with the addition of irinotecan to this combination, but the response rate was similar. This might be explained by the difference in inclusion criteria between the studies. In previous studies, patients were excluded if they had received chemotherapy in the 6 months before entering the trials [1, 11] . Generally, patients with early recurrence after chemotherapy are considered more likely to have chemoresistance than those with late recurrence. Hence, we performed a subgroup analysis, which showed the response rate of 40.7% and 34.6% in patients who had no CCRTor no CT within the previous 6 months, respectively. In this case, the efficacy of our combination appears to be comparable with the combination of cetuximab plus platinum-fluorouracil, which had a response rate of 36% in the Extreme study [1] . In addition, nearly 76.8% of patients in our study had experienced chemotherapy, compared with only 26% in the other study [1] . Although our study did not meet the planned primary endpoint for efficacy (13 of 43 patients), this combination regimen may still have promising activity in selected patients.
The triple combination in our study did not result in a high level of toxicities (Table 3) . Some adverse events-including anemia, dysphagia, dyspnea, hoarseness, and cough-were considered more likely to be associated with underlying disease, because these events developed in patients before their entry into this clinical trial. Grade 3/4 neutropenia developed in 12 (27.9%) patients, and only 1 (2.3%) had febrile neutropenia, which was similar in incidence with the previous study [1] . Other common adverse events, including diarrhea, nausea, and vomiting, were in line with expectations due to the known safety profile of these three drugs. In a previous study, Gilbert et al. demonstrated some efficacy of the combination cisplatin and irinotecan, but toxicity restricted its routine use [8] . To compare with their regimen, we used a lower dose of irinotecan, but added one more agent, UFUR, a combination that proved to have a similar response with tolerable toxicity. Another concern is that our regimen only improved QoL in patients who had a response. The improvement of QoL may be attributed to tumor control, which also highlights the importance of patient selection (Tables 4, 5) .
A limitation of this study is the lack of prestudy investigation regarding polymorphisms of uridine diphosphateglucuronosyltransferase 1A1 (UGT1A1), which is associated with irinotecan metabolism and drug-related toxicities [12] . With polymorphism information, the dosage could be decreased in high-risk patients to avoid severe adverse events, or it could be increased in low-risk patients to achieve a better response. However, the occurrence of the high-risk polymorphism is relatively rare in the Taiwan population compared with that in Caucasians [13] . Hence, the associated toxicity of this polymorphism was unlikely to be observed in this study because of the low incidence and limited population.
In conclusion, cisplatin/UFUR/irinotecan triple combination therapy has a similar efficacy with other combination chemotherapies. In selected patients, the efficacy was promising, with improving QoL and tolerated toxicities. Further investigation of this combination in patients who have not received CCRTwithin 6 months would be warranted.
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